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(54) Title: METHOD FOR THE PREPARATION OF CITALOPRAM
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L. {(57) Abstract: The present invention relates to 2 method for the preparation of citalopram comprising reaction a compound of
formuta (f) with a compound haviag formuta (II) wherein X is a suitable leaving group and R is -CH,-0-Pg, -CH:-NPg,Pg, , -CO-
N{CHy):, -CH(ORN(ORY), -C{OR*HORF)(ORS), -COOR?, -CH.-CO-NH;, -CH=CHR” and -CONHR? wherein Pg is a protection
group for an alcohol group, Pg; and Pg; are protection groups for an amino group, R and R? are independently selected from alkyl,
alkeny!, alkynyl and optionally alkyl substituted aryl or aralkyl groups or R! and R? together form a chain of 2 to 4 carbon atoms,
each of R3, R4, R3, RS and R are independently selected from alkyl, alkenyl, alkynyl and optionally alky! substituied aryl or aralkyl
> and R® is hydrogen or methyl; to form a compound of formula (BI) wherein R is as defined above; followed by conversion of the
group R to form a dimethylaminomethyl group and isolation of citalopram base or a pharmaceutically acceptable salt thereof.
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[err]. Abstract: The present invention relates to a nmethod for the
preeparation of citaloprain conprising reaction a conpounds 8eptemBerd@04 (1)
wi th a conpound having fornula (11) wherein X is a suitable |eaving group
and R isWCH/52§ -0 Pg, -CH err]-NPg[err]Pg[err] , -CO Nrctmrododigsr],

-CH(OR[err])(ORferr]), -C(ORerr])(ORerr])(ORerr]). -COORerr].
-CHerr]-CONHerr], -CH-CHR[err] and -CONHR[err] wherein Pg is a

pr ot eMethvi fof tHeUR epRaticd ofih group. PS[err} and Pg[err] are protection
groups for an amino group, R err] and R err] are independently sel ected
fromal kyl, al kenyl, alkynyl and optionally al kyl substituted aryl or

at ons .. qQf rl. .Rlerr rr err]..and R err ren eﬁendently
sel ecr sy i¥ r,o’rﬁ%‘%ﬁ%{hﬁgf’%‘g[’RIP?’]'%F%ﬁw p&FF&)OH‘F%Wﬁ'P@*S@eR%qﬁH‘mest ituted aryl
or Sar gdtRspitrileand R{err] is hydrogen or nethyl; to forma conpound of fornula
(err) wherein Ris as defined above; foll owed by conversion of the group R
to forma di methyl am nonethyl group and isolation of cital opram base or a
phar nBeekgrend of theJaxention| ¢ sal't thereof. 23 Septenber 2004 WD 01/ 43525
PCT/ DKO / 00123 Met hod for the Preparation of Cital opram The present

I nventi. Qn rel.atesl 0 a rre‘ishod for the preparation of the well-known

‘antid egﬁﬁ%l’gg‘gﬁa b3 h%ﬂo“gli aniy egrﬁsgﬁ{ drpg Lhﬁtji_as now been on the market for some years and

( dirrehasythedvilowing stoyepiré:- | - (4- f | uor ophenyl ) -1, 3-di hydro . 5-i sobenzofuran 5
carbonitrile. Background of the invention Ctalopramis a well-known

anti depressant .drug that s A _been on the market for sone years and 10
has the fol [ owing.structure: ' i%,a selective, centrally acting
seyotoni n (5-hydroxytryptan né reuptake inhibitor, 15 accordingly
havi ng anti depressant activitiesS. The-dnthdepressant activity of the -
conpound has been reported in sev publications, eg. J. Hyttel Prog.

ar al k¥he presutisvaionfebitdsito ARGhRH &5 e ﬁ?ﬂﬁﬁ&%f tﬁ@&Eﬂ-ﬂxM%fld%fresganE 4 carbon

Neur o- Psychophartnacol _ & Biol. P$ at .

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,

15 accordingly having antidepressant activities. The antidepressant activity of the compound has been
reported in several publications, eg. J. Hyttel Prog. Neuro-Psychopharmacol. & Biol. Psychiat.
1982, 6, 277-295 and A. Gravem Acta Psychiatr. Scand. 1987, 75, 478-486. The compound has
further been disclosed to show effects in the treaﬁnent of dementia and cerebrovascular disorders,
EP-A-474580.

20

) Citalopram was first disclosed in DE 2,657,013, corresponding to US 4,136,193 This patent
publication describes the preparation of citalopram by one method and outlines a further method
. which may be used for preparing citalopram.

25 According to the process described, the corresponding 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile is reacted with 3-(N. ,N-dimethylamino)pmpyl-chloride in the presence of
methylsulﬁt;yimethide as condensing agent. The starting material was prepared from the
corresponding 5-bromo derivative by reaction with cuprous cyanide. ‘

30 International patent application No. WO 98/019511 discloses a process for the manufacture of
citatopram wherein a (4-(cyano, alkyloxycarbonyl or alkylaminocarbonyl)-2-hydroxymethylphenyl-
_(4—ﬂuomphenyl)methanol compound is subjected to ring closure. The resulting 5-( alkyloxycarbonyl
or alkylaminocarbonyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran is converted to the corres-



1982, 6,277-295 and A. Gravem Acta Psychi atr. Scand. 1987, 75, 478-486. The
conmpound has further been disclosed to show effects in the treatment of
denentia and cerebrovascul ar di sorders, EP-A-474580. 20 Cital oprarin was

first disclosed in DE 2,657,013, correspondl ng to US 4, 13 Jeptembrii2804at ent

publ i catWOPMIARSr i bes the preparation of citaloprarn by oRETHNK#IIZNd
outlines a further nmethod which may2be used for prepari ng cital opram 25
According to the process described, the, corresponding

| - (4- ﬁbndmgﬁ}hmyﬂmﬂanaemdhm.qmﬁod@m%m @aml t?l le is react ed with

3-(N | -chlorjde i the presence o0 -
met hyi sui ¥]I nyl W@@ émﬂ,\‘ ﬁrstf’ b“”é‘g’ nl”"""ﬂ'ue starting material was

prepared fromthe correspondl ng 5-bronmo defivative by reaction with -

i
cuprou%aﬁwllsdﬁnslﬁgyjt{&h?oﬂ&imfb lo@?:% t%'%‘? Caliug%?v mr\mﬁ%gg/ ]5(9?1 (1cyano

di scl.oses pr.ocess faor the manu
al Ry mﬁﬁm wz{lvomhwdhhwﬂymszbmmmmg&@my|compound

(4- flmnnhgwbbmﬁhaﬁalduﬁmgﬁagp,bﬁlgb%ect ed to ring closure. The
resul ting 5-( al kyl oxycarbonyl or

al kyl am nocar bonyl ) - 1- (4-f | uor ophenyl ) -1, 3-di hydr oi sobenzofuran is

conv eﬂe@dmlmmmmmmwommm is Wﬂaﬂﬁ@m& tehust @lﬁ%{ﬁz%ﬁ 3 2

pondlglq,a,%&g:&qg%g[ e?i&lu\éﬁo a!g% n deaﬁxf\% is then al ated with
éB i'met h Hpr opy| nm}igea oA “@M%ﬁﬁ“‘éﬁ"f‘zﬂ@'ﬁr am |It.

hd rﬁwmsef aqnsgﬁ,gm nsmmwsfﬁﬂiaﬂnaddmdnaM@mmysfbe imeAEact ured by a

novelprf,ﬁu&m 45 process-where

5-cyano- | - (4-fTuorophenyl) -1, 3-di hydr oi sobenzofuran is alkylated with a

compound ... which may be converted to a di nzet hyl am nopropyl group. The

al ky|Sunnaanpsfahessedtionor ding to the invention is particularly advant ageous

because the formation  of by-products by polynerisation of the al kyl ati ng

ot

Op
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e aggntA | sty pbd et &(@%@&%Xt ﬁl\éﬁ\t%lﬁcfnjogﬁeé 0 tHfod for the preparation of citalopram

L

comprising reaction of a compound of formula (I)

. witha compound having the formuta

i R -
X/\/ .
m

20 | ‘wherein X is a suitable lcaving groupand R is -CPL—O—-Pg, -CH 7-NPg1sz'. -CPIa-'NMePg.,
- -CO-N(CH,), -CH(OR’)(OR’ , -C(OR')(OR*YOR?), -COOR’, -CHz-CO-NHz, -CH=CHR! or
o -CO-NHR",whcrem Pg is a protection group for an alcohol group, Pg; and Pg, are protect:on groups
. for an amino group, R' and R? are independently sclected from alkyl alkenyl alkynyl and optaonally
alkyl substituted aryl or aralkyl groups or R' and R2 together form a chain of 2 to 4 carbon atoms,: | each of

25 R’ R, R®,R®and R are independently sélected from alkyl, alkenyl, alkynyl and optionally a!kyl
subst!tutcd aryl or aralkyl and R® is hydrogen or methyl;



10 anount of al kylating reagent used is made possible. In addition, the
process of the- invention provides high yields. Summary of the invention
15 A first aspect of the present invention provides.a nethod for the
preparation of citalopram conprising reaction of a conpotihdemi¢embes280fa (1)
(0 with AYee#3s2ind having the formula X ~/- (H 20 wherei | | tabl e
| eaving-group and Ris -CH -OPg, -CHt NPg] Pgi, -CH, -NNEP&%AM?%—B)Z,
-CHOR)(OR2), -C(CRAXOR) (OR), -COX', -CH2-CO- NH2, -CH=CHR or -CONM
wher ei [P.}2g1 2 sompoyndoftbe faomulyr oup for an al cohol group, Pg and Pg2 are.
~protection groups for an amino group, R and Rx are independently selected
from al kyl, al kenyl, al kynylxand gqptionally alkyl substituted aryl or -
aral kyl groups:or R and R toggt hél
each of 25 R6 and R are indep
al kynyl ard optionally al kyl .
hydrogen or nethyl; WD 01143525 t
Sept enber 2004 PCT/ DKO /00123 wherei g
conversion of the group Rto a dineth onet hyl group and isol ation of
-citalopramin the formof the base or aS{a pharmaceutically acceptable salt
5 thereof In a first enbodinment, the conpould of formula (I') may react.

with a conpound of fornmula (I1) )
wherein R is as defined above; followed by conversion of the group R to a dimethylaminomethy]

group am_i'iso_lq_giqn of citalopram in the form of the base or as a pharmaceutically acceptable salt
5 thereof. '

ed fromal kyl, al kenyl,

akyl or aral kyl- and Rg is

fom a cdhpound of the-fornula 3 23

s as defined above; followed by

. In a first embodiment, the compound of formula (I) may react with a compound of formula (II)

- wherein R may be CH,-O-Pg, wherein Pg may be a p;'dtection group for an alcohol group,

followed by removal of the protection group to form the corresponding alcohol of the formula

10
| The alcohol group may then be converted to a feasible leaving group such as halogen or —0-SO;-R°

" wherein R° may be alkyl, or optionally alkyl substituted aryl or aralky, and the resulting compouﬁd
. may-then be
a) reacted with dimethylamin or a metal salt thereof to form citalopram,
15 ) b) reacted with methylamin to forma compound of formula (XH) below followed by reductive
7 amination fo form citalopram, or ' |
¢) reacted Wlth an azide followed by reduction to form the corresponding amino compound of

fqn_mjla .(VD below a_nd thereafier methylation or reductive amination to form citalopram. -

- ’20 ' “In a secorrd embodiment, the compound of formula (I) may-react ‘with a compound of Ifox.mula (i1) |
wherein R may be —CO-N(CHj),, followed by reduction of the resulting compound of the formula ‘



wherein R may be CH2-O Pg, wherein Pg may be a protection group for an

al cohol group, followed by renoval of the protection group to formthe
correspondi ng al cohol of the fornmula 10 The al cohol group may t hen be
converted to a feasible |eaving group such as hal ogen or 2%°&tgnoler 28fkr ei n
R my b or optionally alkyl substituted aryl or a t he
resul ti %Slgiélryrgp%ﬁnd may then be a) gact ed with dinethyl aﬁ%ﬂlgﬁ t-al

salt thereof to formcital opram reacted with nethylamn-to forma
.conpound of fornula (XQ Dbel owfollovved by reductive am nation.to form
citalopram or c) reacte qzi de foll owed by- reductlon to formthe
correspondi ng am no conpoun folgrul a (VI) bel ow and ' hereafter

nmet hyl ati on or  reductive a o] form'w/{al opramIn a second- -
enbodi nent, the conpound of for mul A ¥Ry react with a compound of
formula (11) wherein R may be - CO GH3)®, followed by reduction of the
resul ti ng conpound of the formula ept®nber 2004 WO ©1/43525 -

PCT/ DKO / 00123 Mto formcital opram_Jh a third enbodi nent, the conpound of
formula (1) may react with a conpound, of forrmula (I1) wherein R nmay be
-CH2 N(Pgl) (Pg2) where Pg2 or Pg2 mayrbe protedwi on groups for an am no
group and thereafter renoval of the protection groups to forma conpound

. of f otonfohAcit{ldprathol | owed by net hyl ati on of the free am no group or
reductive amnation to formcitalopram 10 In a fourth enbodi nent,

cital opram may be prepared by reaction of a conpound of formula (I) with a
.-conpolanalthird dngredirhent,(the omhamei of fRrmaly (B enayGida@RViH( £Bahpamd-of @R4)u1OF5) ( OR)
vvhgr

ﬁ%réml%may be -CH,—N(Pg;}(Pg,) where Pg, or Pg; may be protection groups for an ammo group

. and thereafter removal of the protection groups to form a compound of formuta.

vy

followed by methylation of the free amino group or reductive amination to form citalopram.
10
In a fourth cmbodimcl‘lt, citalopram may be prepared by reaction of a compound of formula (1) with
a compound of formula (IT) wherein R may be —CH(OR")(OR?) or —(OR4)(0R5)(OR6) where R', Rz,. -

: RY, R® and R® may be defined above to form a com[iound of the formula (VIIa) or (VIIb)

. o—R! O /4

(Vila)
. Ib :
Is Vi




R4, R5 and R6 may be defined above to forma conpound of the fornula (Vila)
or (Vflb) NC 15 NC 23 Septenber 2004 WO 01/43525 PCT/DKO /00123 5 wherein
R, R2, R, . R5 and R6: may be as defined above, followed by deprotection of
t he conpound of formula (VHa) or (VIIb) and consecuti vel3s Septhodter 2604

~am nati on wbolss2s esul ting al dehyde with dinethylamn to ff‘gﬁb%}@l%ram
In a fifth enbodinent, cital oprarn nmaysbe prepared by react

conmpound ofﬁ;grnalﬁdgsl) ’V\n'ét_h a conpound of .fornula (11) wherein R may be

- COOR3  whereinR 'l and REfmaydet 2 ldefgdtaBove0 kdllod iofl 4 8
V\hé’rfei'nﬁ{%wmzﬁﬂgefi ned ahove, which may e SRR or ?°E)’%%’Hm‘!éﬁf de
of formula 204 ssreuByely wAvtiveammnghonypf thewesdltinpaldehyde@ihed to

ci t al opdimethybande scioidbeithiqpbave. 10 | n a si xth enbodi nent, there may be
provided a nmethod for the preparation of cital opramwherein a conpound of

for mul ‘agy(] m{’@,?h e ted with a conpound of fornmula (IF) wherein R may be
- CH2- corlezﬁ to for ﬁ%’"‘rz‘a‘gg%’r'r‘ﬁ?&‘fﬂ g e P’ﬁ?%%o‘a’ rgetemofa compendefyfomuds @akieida Wi t h
*hy pohal fespoue ¢fgemmia @D whowincR afay ber-COOR>33d B Rla® BOS! def0f b VO S L1, 43525 _
PCTJDK%R,%&&SO th{ex&frgﬁo' | owed by nethylation of the free am no groip or .

reductive amnati o %ormcital opram

{VitD)
F

wherein R” may be as defined above, which may then be converted to an amide of formula (V)oran

alcohol of formula (IV) which may be converted to citalopram as described above.

. 10: In a sixth embodiment, there may be provided a method for the preparation of citalopram whereina
compound of formula (I) may be reacted with a compound of formula (I} wherein R may be - -
~CH>—CONHj; to form a compound of formula

F

(x)

lsi which may be treated with hypohalide to form a compound of formula



In a seventh enbodi nent, there may be provided a nmethod for the preparation
of citalopramby reaction of a conpound of formula (1) - th a Conpound of
formula (11) wherein R may be -CH=CHR7 to form a conpound of forrmula Nc
wherein R may be as defined above, which may be oxi di sed3tSeplegiteh2@p4
conpoundy@lorssesul a HC 10 fol l owed by. reductive am nati opcWpibimer2s
dimethylamn to formcitalopram In g eight enbodi nent, there may be-
provided a process for the preparation of cital opram wherein the conpound
of formula (1) may readwith a conpound of fornula (11) wherein R may-be
- CHZ NE(Pgl) fol |l oned by al of the protection group to forma conpound
enber 2004 PCT/ DKO /00123 and thereafter
nmet hyl ation of-the am no grd gtuct i ve-ami nation to formcital opramlIn
a final enbodinment, there may~fe prayi.ged Het hod for the preparation of
cital opram wherein the conpound of)yformula (1) may react with a conpound

of formula (I1) wherein R may be @\ HR$ wherein R$ may be hydrogen or
nmet hyl, followed by reduction of t Asul ting compound of the fornula HC
10, wherein R$ maybe as defined above( to forma conpound of fornula wherein
R may be, as defined above, followed hy nethylation .or reductive am nation
to form citaloprarn_ 23 Septenber 2004 D

followed by methylation of the free amino group or rcductive amination to form citalopram.

! In a seventh e‘mbodlment there may be provided a method for the preparation of citalopram by

~5,‘ reaction of a compound of formula (I) With a“compound of formula (I) wherein R may be -

-CH—CHR7 to form a compound of formula

-—

10
followed by reductive amination with dimethﬁlamin to form citaloprain.
In a eight embodiment, there may be provxded a process for the preparatlon of mtalopram wherein

| the compound of formula (I) may reactwnh a compound of formula (1) wherein R may-be —CHz-

' 1_5 ] Me(Pg;) followed by removal of the prou.ctxon group to form a compound of formula



A second aspect of the present invention provides an internedi ate having
the general fornmula wherein Ris Ris -CH2-0Pg, -CHZ NPglPg2, - CH2- NUePgl
-CO N(CH3)2, -CHH(OR )(OR2), -C(OR4XORS)(OR), -COORS, -CH2-CO NH2, -CH CHR?
or -CO-NHR&, 'wherein Pg is a protection group for an al c#idePlgmbep200dg1 and
"Pg2 are pM@@d3sTm groups for an amino group, Rl and R2 ar epd-f)gRRERHSNt | Y
sel ected from al kyl, al kenyl, al kynyl-and optionally al kyl substituted aryl
or aral kyl groups or RL and R2 together forma chain of 2 to 4 carbon
atons, each of R3, R4, R5, R6 and R7 are independently selected from
.alkyl, al kenyl,. al kynylseagnd gptionally al kyl substituted aryl or aralkyl
and R8 is hydrogen or nethy ¥-asid addition salts thereof Athird
aspect of the present invent ger medi at e having the formul a
NC and acid addiition salts th 23 Sept ewfber 2004 . 7b A fourth aspect .
of the present. invention provides akh.inte medhat e having the forrmula Mz
and acid-addition salts thereof, etem the L-tartrate salt. A fifth aspect
. of the present invention provides ¥ Bt er medi at e having the fornmula .. and
acid addition salts thereof. A sixX®h/aspect of the present invention
provi des an intermnmedi ate having the farnula hbtgpd acid addition salts
t hereof, except the hydrochloride sal t*. 23 Septeﬁber 2004 WO 01/43525
PCT/ DKO1/ 00123 I n yet another enbodi nment, the present invention may relate
to an anti depressant pharmaceutical conposition conprising cital opram

"anUFaQ&Hﬁﬁﬁmﬁ&jﬂQﬁﬂﬂﬁﬁ%fﬁéaOt the inventijon.

mino group or reductive amination to form citalopram.

5 In a final er'ﬁdeiment, there may be provided a method for the preparation of citalopram wherein
the compound of formula (I) may react w
. NHR® wherein R®

Fhe formula

ith a compound of formula (I) wherein R may be -CO-

may be hydrogen or methyl, followed by reduction of the resulting compound of

F X1y

10 | wherein R® may be as defined above, to form a compound of formula

- PN - - ,.8,__, . Y ime e . ' ) . - . . . . . . e ey e
wherem- R may be as defined above, followed by methylation .or reductive amination to form
citalopram. ' |



.-The:al kyl ation..step., mhere the compaund..of. fornula {1)-is-reacted with.a .
. conpound -of formil'a (11) "5 suitably -carried out by treatnent of the T
“conpound. of formula (1) mnth a-base such-as for exanple DA ( . - I
“l'i thi undi'i sopropyl ami ne), Li HVDS ( hexanet hyl di silasan’1i tzﬁl%n)embHaEDO‘H\IaHl\/DS v
(hexamet hyl di si | asan_sodi um) and .net al al koxi des such as NaOwe, KOMwe, LiOwe,
~NaQertBu, KOQeriBu and LiQertBu in an aprotic organic solvent such as
- THE (tettahydrofurane), DWF (dlnethy]fornanlde) NVP (N

ni et hyl pyrrolidon), ethers such as df@thylether or dioxal ane, toluene, 10
benzene, or al kanes and m xtures thereof. The anion formed irs then reacted
with a conpound of formula (I1) whereby a group of formula -CH2-CH -Ri's

intr ced |- ing =
 gr ou S USSR Bl oP BBl o By G ARSI b b o AL 0 i
Ris alkyl, .15 or optlonal+y alkyl substituted aryl or aral kyl. SU|tany, e
i s nethyl or p-nethyl pheny exgubstituents R and R2 -are preferably
al kyl, .or aralkyl or R and R or forma chain of 2 to 4 carbon
_atons- Suitably, R and Rt ar 20 The substituents R3, R, RS
rand R6 are preferably alkyl, or arall SR tably, . R4, RS and R6 are
identical. R is preferably alkyl or al kyl . 25 The alcohol protecting
group 'Pg may be a trial kylsilyl grol benzyl group or a
t etrahydropyranyl group (FIRP). 30 VegoOrding to the invention, the al cohol
protecting group is renoved to formthe co®ound of fornula (IV) using
conventional nmethods for renoval of thefprotection group in question Thus,
where the protecting-group is trialkylsilyl the protecting group may be ~ -

I €D Welibrdily Riis R & KORIHO-Pa\-CHI,-IP iR ©-CERNMIERER RCO-N(CHEM, neHwR‘;(mRa) or a flauride
RS oo o ST e g AT b T T R L L T R S v

’ for an alcohol group, Pg; and Pg, are protection groups for an amino group, RY and R are independently
selected from allcyl alkenyl, alkynyl and 0pt10nally alkyl substituted aryl or aralkyl groups or R! and R?

_ together form a cham of 2 to 4 carbon atoms, each of R*, R*, R*, R® and R are mdependently selected from
.alkyl, alkenyl, alkynyl and optionally alkyl substituted aryl or amlkyl and R® is hydrogen or methyl, and acid’
addition salts thereof. '

A third aspect of the present invention provides an intermediate having the formula

and acid addition salts thereof.



23 Septenber 2004 WO 01/ 43525 PCT/DKO /00123 Where Pg is a
tetrahydropytanyl (THP) group, the protecting group may be renpved by
treatment with an organic or mneral acid, or resins carrying Wgroups
such as Dowex H or Anberlyst. The al cohol group in the dSfeptembeo0Gdor nul a
(I'V) is converted to a feasSible |eaving group such as 5 hal ogen, or a
sul phonate of formiula -O SO, -R wherein Ris as defined above, ,by reaction
with reagents such as thionylchloride, nesylchloride, tosylchloride, etc.

10 THE (tetrahydrofurane), DV (dinetﬁ?lfornanide), NVP (N- et hyl _
' yrrolldon) ethers such as diethylether, or dioxal ane, toluene, benzene,

2l PR o bR IRGAEbroy ki o B Sl ST b Ame, - cact L on it

di met hyl ammoni un; chl ori de in presence of a base. Alternatively, the
corrpound of forrrula (I\/.)c caklying a suitable | eaving group,. such as a
erein Ris as 15 defined-above, may be
0 . . .
ogf um azi de, followed by reduction using

‘ F8Emul a (VI) and thereafter
form Cital opram The conpound of
formula (1V) carrying a suitable { Nng group, may al so be converted to 20
cital opramby reaction with nmeth e to forma conpound of formula (XI1)
above,-.foll owed by nethylation or reductive amination to form Cital opram
The reduction of the amde of forrmul g (V) IS gonveniently carried out in

met hylati on or reductive

t ol uene usi ng Red- AI as a redum ng agent. j 25 The resulting conpound is
" then _r.ea a netal salt thereof, eg. "M, N(CH3)2
wher@dic a%gngl '?‘égréﬁaﬂ?rﬁeﬁé -suitably carried out in an aprotic

organi ¢ sol vent such as Swtabl e groups Pgl and Pg, are aral'kyl or -O S02-R
groups wherein Ris as defined above,

-—

A fifth aspect of the present invention provides an intermediate having the formula

. and acid addition salfs thercof.

A sixth aspect of the present invention provides an intermediate having the formula

and acid addition salts thereof, except the hydrochloride salt.



typically benzyl or tosyl, or Pg, and Pg, together with the N atomto which
they are attached forman optionally substituted phthalimde group. The
protecting groups, Pg, and Pg2 nmay be renbved using conventional nethods
for renoval of 30 such protective groups. The phthal i m &3 Sppagsr 8804 t hus
be convewbakissasan am no group by treatnent wi th hydrazi nperpreidtam ne
and et hanol .” Were the protecting grgup is an aral kyl group, such as
benzyl, it may be renoved by reduction, typically in presence of. Pd/C or
Pt/Cas a catal yst. 35 The sul phonate groups of fornula -O S02-R maybe

r enov &8 YBYanothes embpdimgnt, HheRargsenf inveiogapare riale (@00 AnEpG:Esaa8 pRBmadktical

- PCT/ Drempoitionsompesipg eigalepram oragnfaetprei by theeprossspafithalineéntivor mul a (VI) may be
nmethylated with methylating agents such as Mel and Me2SO4, vvherel n Meeis

met hyl onventi onal res Tor .
Carrymﬂgﬁﬂ?ﬁ%ﬁﬂ?@&ﬁ%gﬁn&ﬁg& %; terna &08 %ﬁf%’ﬂ?‘ﬁ'ﬂfiog ﬂg‘b

reduc Iy-garmicgtoubby treatacot of thecompotit dfm@mmahmucnmamdlp&f for mul a
VI) i %mm Egmgﬁ dehyde or
'EI‘I z)xgl)ﬁ( n resenéﬁ-&g ?e uci n age suc E%lﬂgioﬁ%m yThe

r educ fhexamghyldisilasemsadim) end mmun@wmgmg r{a@mmmuomegmm f or

Car Iy igRSlerP ariG 0BG 4 BSoGTBRHACTAR (TRl H O (V11 D)

may sui tablé_ be converte to °f correspon atment with
‘an or &8 preyaide).3YMB Gf-shethylpwirolivon) sthos su;zkrasyheﬂgleﬂﬂer o diokatans, u6liers  Dowex

Ht 1T beeRE b Mines Ex}iﬂ&ﬁr%m} ! m&toﬁl‘?ﬂ%%ﬁt.{%&l &ﬂﬁ@%ﬁr L ed h‘gd clt al opram

by reductive anjnation, i. reactl on W PPN 9'n t he
pr es e fiFauls Il whergbid m’gumg éirtm“buﬁfﬂz-@ﬂrﬂaﬂﬂﬂroduccd\laﬁkﬁﬁﬁon I])ldfﬂtehy | ani ne

~ - isobenzofurany] nngsystcm

Leaving groups X, may be a halogenide or a sulphonate. of fo:mula -OﬂSO-,—R wherein R%is alky!
15 oroptionally alkyl substituted aryl or aralkyl ‘Suitably, R® is methyl or p-methylphenyl.

The substituents R’ and R? are preferably alkyl, or aralkyl or R and R together form a chain of 2 to
4 carbon atoms. Suitably, R' and R? are identical.

20 The substituents R?, R?, Rs and R® are preferably alkyl, or aralkyl. Suitably, RY, R.S and R®are
identical.

R’is preferably alkyl or aralkyl.

?S 'I'he alcohol protcctmg group Pgmaybea tnalkylsxlyl group, a benzyl group or a tettahydmpymnyl
- group (THP). '

-According to the invention, the alcohol profecting group is removed to forrn the compound of

formula (IV) using conventional methods for removal of thc protection group in question. |

% - -

- - Thus, Where the protectmg ‘group is tnalkylsily] the protecting group may be removed by Ireatmcnt
- with a base, an orgamc or mmmﬂ acid or a flouride such asKF or tnalkylaxmnoﬂomde

Where Pg is benzyl, the protectmg group may be remioved by reductmn using Pd!C or Pth asa
35 catalyst



may be added to the reaction in the formof the dincthyl ammonium chloride
salt The ester derivative of fornmula (Viii) may be conve?d @ebtérabei2De4 opr am

via the correspondi ng al cohol of formula (1V) by reduction of the ester

usi ng Red WP OE#3528 r educi ng agent or via the corresponding ﬂ@%
formula (V) by reaction of the ester voth NH(Me)2 or a rreta'l%ors/gﬁ greof.
Suitable, the agent useful for conversion of a conpound of formula (I1X) to

a conpoWhdre®y if Dt ' OH Br2. Oxidation of the conpound of
f or mul awég;%rgre:%rgge c’g?°r"£| eé’_ l(gu% _%O?rg‘g%???“%ﬁrWh@atbmmeﬂWuﬂam% ozone
in a po e ﬁ?r‘gﬁﬁfﬁlQﬁﬁjsmmﬁmwm%gmuﬂsﬁkhﬁsﬁ&%&@*or%ﬁlﬁh ot her eof .

Alternatively, the conmpound of formula (X) may be treated wt Xi dati on
agents -g%ca?coﬁa Nal Q4. QsO4/ Nal O4 and KMhOA. The reductive am nation of a
conpound of  orEneHPdR e compennd of formula (TVh is converied b mﬁﬁsitbyleﬁﬁaggrbﬁgsmfab .30
di me? hyliaggem or a sylphesetn offonfula-0-SOLRP GEerdf s SUG ASphaB r%% “EEHSG\I

Di met hygeaizh to.the.reaction in the fornyof . drmet anmoni um
chl ori de. Tﬁ?ﬁﬁﬁ%@%ﬁ@ﬁ‘%@%ﬁ?&%ﬂ@w’%r mula (XI1) and (XIV) may
be nethylated with nethylating agents such as Mel and Me2SO4, wherein Me

i s et HiHe resiitig corapdnd Rlthe@Redchd Gk, 4t ut. usi ng. 35 _conventional procedures
for cag}%ﬁ%ut such ,reacti (gns?ﬁ%éﬁ %eﬂgaé'ﬂ’ﬂé’f a?%b’ salt thereefs 9-2 362 N(CH),
P T Ty s R
e d v natjon. According to

this prm,ggémﬁ, orkd o?:al%:?e gtglgd egx‘fv for my] e'; F)L] “g‘?tl%’?] Rm"df’@’ ethers sychds wi t h
conpounds “sUch- as tor na § fEnzenss prallanegand atiyes tereof. Theapmpouddgsence of
a_ reddemvp GYEnnyige huitbleNaBirg saip MaFaREbE cdhE Rl Ui S, RPTDaLI on i s
Car T i edinfithy b cABAKSR bl OBl (ATSELES, Lo car Ty MG "B MSHE i
reéactions.. ] ) abase. Altemnatively, the compound of formula av)

carrying a suitable leaving group, such as a sulphonate of formuia -0-S0,-R® wherein R® is as

‘15 defined above, may be reacted with an azide, such as sodium azide, followed by reduction using
PA/C as a catalyst to form a compound of formula (VI) and thereafter methylation or reductive

amination to form Citalopram.

The compound of formula (IV) carrying a suitable leaving group, may also be converted to
20 citalopram by reaction with methylamine to form a compound of formula (XII) above, followed by
methylation or reductive amination to form Citalopram.

The reduction of the amide of formula (V) is conveniently carried out in toluenc using Red-Alasa
reducing agent. '

. _
/25 Suitable groups Pg, and Pg, are aralkyl or -O-SO,-R° groups wherein R’ is as defined above

typically benzy! or tosyl, or Pg, and Pg, together with the N atom to which they are attached form an
optionally substituted phthalimide group.

The protecting groups, Pg, and Pg> may be removed using conventional methods for removal of
30 such protective groups. The phthalimide groups may thus be converted to an amino group by
treatment with hydrazin or methylamine and ethano.

Wh_ere the protecting group is an aralkyl group, such as benzyl, it may be removed by reduction,
typically in presence of Pd/C or Pt/C as a catalyst. ' ' -
35 |

The sulphonate groups of formula -0-80,-R® may be removed by treatment with Red-Al.



The reaction conditions, solvents, etc. used for the reactions descri bed
above are conventi onal condltlons for such reactions amd $apferazsi2D§4 be
determned by a person skilled in the art. 10 The starting material of
f or nul awap14asyhe prepared as described in US patent No. BCH/BE0YO823 as
described in WD 98/019511. 15 20 -75l&4te conpounds of fornmula (I1) are
comercially available or may be prepared fromcomrercially available

st art g B hidfnlo B li§ Lh!%%ﬁ 8 B{” foftdh Qh?ﬁﬂ? bE Hﬁﬁ:yla@dtvﬁhﬂﬂétﬁﬁ‘a&%o%n& he

mar ket as an antid ressan in t formof the racemate ver, in

the  ustraspislapdMer 4awbqrveN§léﬁlaﬁﬂ Jhe megyylatiop iy capied opt using copvegipRal t o be

I nt r ogsRedurtDfof Heryidebiuch Ratidngl opr am may be prepared by separation of the
optically active isomers by chromatography.: Throughout the, specification,
and clains, the termalkyl refers to a branched or unbranched al kyl group

havi n g&lfermwem,enmbpsms fambdby mthextise ammohtusi \Aecordinglto this pradeliyre, thet hyl | |

Bty eompdindl B cﬁi%%é‘fd %g?*“#ﬂwr R neeae e AN
desi grtraw@nsmmsegpmfpgc mﬁgemmmm rdNaBI:EMN dibe resugive amdigationdi ng one

doubl %aﬂﬁa@u%u{grdomeﬁummoé&&%f& kMRfing oud bl ré@stigisheny! . propenyl,
butenyl, ethynyl, propynyl and butynyl. The term aryl refers to a nono- or
blcycllc carbocycllc aromatic group, such as phenyl and naphthyl, 30 in

p?id : q_tlie&bmpmﬂd ) § fogfﬁbﬁ (VHE)Or @VAb)iydy sﬁﬁbﬁyl Be doﬁvegfeﬂ ko the k%ierspMafgagdthw@/ : alnd

al kyl ,is_a ed above. a substituted a an atlcy

ot or ;BRSPS iR o 5 mipbial ST T el SR Ao g sk DORE B B ¢ 2

wi t h owebalystrore al kyl groups. - Hal ogen neans chl oro, bronmo or iodo. 23
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The resulting aldehyde may be converted to citalopram by reductive amination, i.e. by reaction with

15  dimethylamine in the presence of a reducing agent such as NaBH, or NaBH;CN. Dimethylamine

may be added to the reaction in the form of the dimethylammonium chloride salt.

The ester derivative of formula (VIII) may be converted to citalopram via the corresponding alcohol
of formula (IV) by reduction of the ester using Red-Al as a reducing agent or via the corresponding
20 amide of formula (V) by reaction of the ester with NH(Me), or a metal salt thereof.

Suitable, the agént useful for conversion of a compound of formula (IX) to a compound of formula
(VI) is NaOH/Br,.

Oxidation of the comi)ound of formula (X) may be carried out by treatment of the compound with

25 ozone in a polar solvent such as alcohol, water, acetic acid or esters thereof. Altemnatively, the
compound of formula (X) may be freated with oxidation agents such as NalQ,, OsO,/NalO, and
KMnO;.

The reductive amination of a compound of formula (XE) may suitably be carried out by reaction with
.30  dimethylamin in presence of a reducing agent such as NaBH, or NaBH;CN. Dimethylamine may be
added to the reaction in the form of dimethylammonium chloride. »

The amino group in the compounds of formula (XII) and (XIV) may be methylated with methylating .
agents such as Mel and Me,SO;, wherein Me is methyl. The methylation is carried out using

35 conventional procedures for dan’ying out such reactions.



WO 01/ 43525 FCT/ DKO1/00123 12 G talopram may be used as the free base, in
particular the free base in crystalline form or as a piaPenierebari2ted |y
acceptabl e acid addition salt thereof. As acid addition sal ts such salts
f ormed wWM01/4352@ni ¢ or 1 norganic acids may be used. Exe ﬁ{{mﬁ%’ch
organic salts are those wth malefic,;; fumaric, benzoic, asc

succinic, oxalic, bisnmethylenesalicylic, methanesulfonic, 5

et haneﬂlt&%ﬁ‘@ aﬁ.&g,t Rl oni ¢, taric, salicylic, citric, gluconic,
| actic, .mali CBYl the del |éggupl§h%na d%?ﬁ#’%‘&ﬁ(@@éﬁé“ﬂlmybsmmmdby

pal mi tjeguctive Q’E'BﬁP%“ Afcgdizigite ﬂqurmﬂmhhﬂzmmmmm@,ml@ pﬁgﬂg sul foni ¢
o, | S o Ul B PR o

exanpl i ne 1"ary o

with hy m(ignﬁggr:&gg‘ ﬁ%’éyﬂ’wﬁ% Uihe gaductivesuiifation i capie@ s@h@mC and nitric

aci és qoﬁvmﬁemdcprcuteehnldufbnuaﬁyﬁgbﬁtssua{m;c@gnscorrpounds may be prepared by

nmet hods known in the art. The base is reacted with either-the cal cul at ed

amount_of acid in a water m sci bl e solvent, such as acetone or ethanol,

wi th sUsdeastiemeondisions selvsntsoéteniised foaihe r&ﬁtl&@ﬂ@&ﬂ&é&%%%lﬁv&%%n Ng, or with
suc

an exweaditi6fs fhiich AGkdni Qldq?]ﬁépéagfy hem"gef.ﬁ,ég’ 'g}f {gclrs\ég Qé.g hindes o1 Thyl et her,

et hyl acetate or di chi or onet
spont aneousl y. The pharnaceuti cal corrp05| tions of the invention nay be

adM niT etsibginmtany oSMirkAD{I Fmypde Capsu %sd@ﬁﬁ%él}gbgr%ag?{ ?13%%3 exanpl e

oral | el abl et s,
par ent graf)%{ﬁllﬂl -0 tgg}oq%ollt]m of. usual sterile solutions for injection. 20 The
phar maceut i cal”’f or nmul ati ons of the i nvent i on may be prepared by

convem,é exanpl e, tablets may be prepared by
e act i ve | ng r@%’ﬁf"’%mﬁﬁ'a Y aY"d]éP? O’éﬂ‘ﬂlb@rﬁmredafrmh ammierbiaiit s and

m Xxi n
subseg'ﬁ’ég Fﬁm%m‘%blmggpmcmmmuemiqncsa conventional tabletting
makichi ne. Exanpl es of adjuvants or diluents conprise: Corn starch, potato

st ar cOitaloplamlisbn RIS %%G@cﬁnﬁ:&s@ht drug in the form of the racemate. However, in the

near future the active S-enantiomer of citalopram is also going to be introduced to the market.

S-citalopram may be prepared by separation of the optically active isomers by chromatography
20 .

Throughout the specification and claims, the term alkyl refers to a branched or unbranched alkyl

group having from one to six carbon atoms inclusive, such as methyi, ethyl, 1-propyl, 2-propy] 1-
butyl, 2-butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-ethyl and 2-methyl-1-propyl.

o .. .
_..J.S Similarly, alkenyl and alkynyl, respectively, designate such groups having from two to six carbon
atoms, including one double bond or triple bond respectively,

such as ethenyl, propenyl, butenyl,
- ethynyl, propynyl and butynyl.

The term aryl refers to a mono- or bicyclic carbocyclic aromatic group, such as pheny! and naphthyl
3¢ in particular phenyl. | ’

The term aralkyl refers to aryi-alkyl, wherein aryl and alkyl is as defined above.

Optionally alkyl substltuted aryl and aralkyl refess to aryl and aralkyl groups which may optxonally
35 be substituted with one or more alkyl groups.

"Halogen means chloro, bromo or iodo.



25 gel atine, lactose, guns, and the |like. Any other adjuvant or additive,
colourings, aroma, preservatives etc. may be used providfeentenber2@®y are
conpatible with the active ingredients. Solutions for injections may be
pr epar edVRAPI43%5i ng the active ingredient and possibl e addiGHREY/G4 part
of the solvent for injection, preferdbly sterile water, adjusting the

n,to the desired, volune, = 30 sterilising the solution and filling it

sol uti €H . .
in suFﬁ‘&‘SP‘@"h‘Hﬂb ysed g5y the freg Lase, i partiqular shsi feee hagiin cxystalion faemt omal |y used i n

the amphaaycuicalpiasiab el @idod MIOhiod A PaddM AR Bloh B foRllld ] dant s,
S

t
etc. The invention is further illustrated by the tollow ng exanples.” 35 23
Sept eMFEMCSE GPERPIGA 383 Be wieds Rmplapoafsuch organissalip e thosawithimaleion of .
1- (4- fiint@ico pheoiy) a)sc&bi3;§ﬁb&]ﬁid,rd%hl$@Bﬁﬁxéﬁlidéﬁé%&]ic?ﬁ@,%&%bﬂf?ﬁﬁ (4.8 g, 0.02 .
m)lé) | leﬁi fQSOagnjg%f was. added drorl)_vm se to a solution of LDA (Butyl Tithium
1. Me?‘fge pjfoniig, aceils, pRoDionis tArtars, sligylig) cityic, glucanicy g6, maficanandelisher e of
ni t r ogimamif éitracoRic| dsparfig, skharic, pakhific, i@ConikgINedid! R amoBALG! @&am%f the al kyl
hal i d 0.02. 1ol ) %n TFEi&ZS nL) was added dropw se and alTowed’to warmto
room ee?"!atgg"ﬁé‘" theorbwiling acete arids ag well 4sdhe BhalptheeniylinesT s cxasepde Bon  was
t hen goemaheghyliiid) Ekdiplary OK $ucB GloBfinidshll dhOhbe i d with
wat er @ggﬁn%@ﬁand cgﬁ?zﬁ?rgted under reduced qﬁ?ﬁéﬁﬁ?@@ngh%mpggﬂ ﬁe was
puriff S V’fﬁﬁﬁ‘f‘ﬁ&f“&'ﬁﬁ? B#ieacidsca gel using nixtures of n 10
hept ane/ Et OAc as the eluent. The resulting anion is then reacted with a
coﬁ%ound of formula (11). Exanple 2 Preparation of |

[ (3. Bbeayd axkdyt yt)qursalpeydf kheloofpoiird arfag B piepared by ettbdiiaonn Br thé pleeme Bhaancar bon
itrile; o o o

1+ ( a- Pl i TRbt ok B Biyed amornt of eig vt seermbcesh w opgtoms g, 0.2
mol ) ethanofyth sugeqndn} isplatorpefitbaisaltdy zomehtutipe anddoolifdh) of With Eiretepssiof theHE (70

M)  aheid fiBa fatePiihisd¥le S510RS RAGI £ ethylether, ethylacetate or dichloromethane, with the salt
15  separating spontaneously.

The pharmaceutical compositions of the invention may be administered in any suitable way and in
any suitable form, for example orally in the form of tablets, capsules, powders or syrups, or
_ ‘parenterally in the form of usual sterile solutions for injection.
20
" The pharmacentical formulations of the invention may be preparéd by conventional methods in the

art. For example, tablets may be prepared by mixing the active ingredient with ordinary adjuvants
and/or diluents and subsequently compressing the mixture in a conventional tabletting maschine.
Examples of adjuvants or dituents comprise: Corn starch, potato starch, talcum, magnesium stearate,

25  gelatine, lactose, gums, and the like. Any othe;' adjuvant or additive, colourings, aroma,

preservatives etc. may be used provided that they are compatible with the active ingredients.

Solutions for injections may be prepared by solving the active ingredient and possible additives in a
part of the solvent for injection, preferably sterile water, adjusting the solution to the desired volume,
30  sterilising the solution and filling it in suitable ampoules or vials. Any suitable additive

conventionally used in the art may be added, such as tonicity agents, preservatives, antioxidants, etc.

The invention is further iltustrated by the following examples.

- 35



of nitrogen. After stirring at -78 Cfor 30 mn, a solutlg\%gof ,
benzyl - 3- br oropr opyl ether (2 ni, 12 rmmol) in THE (10 m_ Y3 wgeteahae?f%nd t he
resultln m xture was allowed to warmto room 20 tenperature and stirred

f or RAV4PHE mixture was poured jnto ice/H O (100 ni)PEn@Ksvweat ed
with Et O (3 x 150 nm.). The organic edracts were washed with H2O (100 nl)
and br| m&% dried and evaporated. Silica gel chromatography -
(heptane C 5 1) of the residue gave the product as an oil (2.0-

60%. 'H NVR (DMBO-d6) S 1.35 (1 H, m; 1.45 (1 H m; 2.23 (2H m;
3.38(2

. .4, 38(2H, 5,14 (1 H d, J =13.7 Hz
5.19 ( ?‘ ?3%8“ o1 iif'g"“?&ﬁ?)?‘) qégﬂﬁ) °b°2F+(’ﬁ1{an S?Hﬁwemaic (é; g, C702060) BHTHB = 7) 27
Ez) 7. (tﬁ'ZmUZh'hs 4ided dropllisd 1, soktlon of IDDOERLA Rithifn 3 6HE 11’5 m]Z) zéolgropylamn?ne t

r epar :

-(4 W{I %od rg§ Bhie ?r?y () unflerag atmosphere, of itenget a AfiFHiFIngb P 9 TC for 30 dhiitmytelr msdfatioaobenzo

- fur ante bkl Katidk €0.02380l T i %@ﬁa&&dr sé'%@%g&if’ fp%ve tqe tlnglle52

conmpound as.an o 609
(111, Sperajurgan Sfﬂ%fﬂf Yisthsp 'H“teﬁ) 'Ihsr@enqnmsﬂrmqu@ucaai mﬁcem 3.55

g ,lH,J :nauac&deﬁm(t&umm xsénﬂr"_) &alskéd ‘Aﬂ.)waté(écﬁnﬁ)u;ig g,fﬁgm&#mgﬁlj%,c?gaﬁg (}H

Hz); 7 p‘?és"(“l Iﬁ—?‘“‘ “r‘f‘d“S “’ﬂg B“f!ﬁeﬂ&'y chromatography 1m silicagel usigg miBues of2)-. 35 23

Sepive mhenandFIBAVE fhi dah2 BB ¥
1e(p14 fl uorophenyl)-1-(3- h%ér:@;{l/@ré%@ﬁ rc%féﬁﬁﬁ "Jé’g]lpgg Joﬁ?%%ﬁaaﬁﬁar bonitr

ile: 5 (i) A'solution of

1-(4- f Examplalzenyl )-- 1, 3- di hydr o- 5-i sobenzof urancarbonitrile (13.4 g, 60
mml) in THE (450 nL) was added to a solution of LDA (76 nmmol) in THE (30
m) 'at -78 C under an atnosphere of nitrogen. After stirring at -78. C

for 30Pwparation oFQ[(-bedyi6iy)krapytf CLPMRIARRNND: L £hithydro-5-isobenzofurancarbonitrile:
15

A solution of 1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofurancarbonitrile (2.2g,92 ﬁtmol) in THF

(40 mL) was added to a solution of LDA (12 mmol) in THF (70 mL) at —78 °C under an atmosphere

of nitrogen. After stirring at~78 °C for 30 min, a solution of benzyl-3-bromopropylether (2 mL, 12

mmol) in THF (10 mL) was added and the resulting mixture was allowed to warm to room

20 temperature and stirred for 2 h. Then the mixture was poured into ice/H,O (100 mL) and extracted

with EO (3 x 150 mL). The organic extracts were washed with H,0 (100 mL) and brine (100 mL),

dried and evaporated. Silica gel chromatography (heptane, EtOAc 5:1) of the residue gave the

product as an oil (2.0 g, 60%). '"H NMR (DMSO-d;) & 1.35 (1H, m); 1.45 (1H, m); 2.23 (2H, m);

, 338 (2H, dd, /= 5.5 and 6.6 Hz)); 4.38 (2H, s); 5.14 (1H, d,J=13.7 Hz); 5.19 (1H, d, J = 13.7 Hz):

25 TI5(2H,t,J =88 Hz); 7.25 3H, J = 727 Hz); 7.32 (2H, m); 7.58 (2H, dd, J = 5.6 and 8.8 Hz);
7.75 (3H, m).

Preparation of 1-(4-ﬂuompheny])—l-[3-(tetrahydropyranyloxy)propyl] 1,3-dihydro-5-isobenzo-
furancarbonitrile: . |

30
The same procedure was used to give the title compound as an oil (2.0 g, 60%). '"H NMR (DMSO-
dg) 8 1.40 (6H, m); 1.52 (1H, m); 1.65 (1H, m); 2.20 (2H, m); 3.30 (1H, m); 3.38 (1H, m); 3.55 (1H,
m); 3.65 (1H, m); 4.45 (1H, dd); 5. 15(1H, d, /= 13.0 Hz); 5.19 (11, 4,/7=13.0Hz); 7.15 2H, t, J

=8.8 Hz); 7.58 (2H, dd, J=5.7 and 9.0 Hz); 7.75 (1H, d, J = 8.0 Hz); 7.79 (2H, s +d, J = 8.0 Hz),
35



butyl di met hyl silane (16.8 nmL, 72 mmol) in THE (30 nL) was added and the
resulting m xture was allowed to warmto room tenper at u2éSapi@mbesi 2004d f or -
2 h. Then the m xture was poured into ice/H,0O 10 (400 nL), and extracted
with Et 2009143880 ni) . The organic extracts were washed wPCHR/DKOM90¥2300

m.) and brirte (500 nL), dried and ev’ef’porat ed. The residue was dissolved in
met han?‘#‘ él ?0 m.) and was added | -MHO (200 nL). The resulting solution
was st i PrEgied roomtenperature for I h and evaporated. Silica gel .
chromat ogr aphy (hept ane Et OAc 5:1) of the residue gave the title product

| (.14, 4 DVBO- d6) S 1.25 (2H, 2.18 (214, t,
J— sagpcf%‘?“ ?ﬁ’mﬂﬂ%gﬁ é‘( g&@mdwﬁrgﬁebw!z&ammbomml(e )
5.12(1H,d J132Hz)517(IHdJ-132Hz) 715(2H t, J 8.8 Hz); 7.58
2H, =.5: 0 8 7.7 2H, br d, J = 6.0 Hz.
(13C SNI\/&) A TS a%‘a‘n*g“g“f’m EQE!? 13“@9‘5‘ Woﬁwc"fr nitrge %13 imﬁ@mnmnsmz .
118. 8; THE(480 n'iQEWa@ ;addedGo 9 soﬂiaZn & LDA?@G Shmdip e Pirr 14Pmk) ag'498 C ul
162.0. 20 (ii) To a solution of

1- [ ( 3- BEMsHEk 95 Riegspy Afterstigring) at o7® BE dery30) min, B-Sdluhylﬂbﬁ(JSIanombmpmf)Wrancar bo
- t | |

et Eian(r)})Jl ]g({)rﬁer;%ig\lﬂalgg(%%hﬁ%) ¥n4fﬂﬁ¥:gi}§ﬂf e rea ‘r’feiﬂ’ %P’é"twgn"‘?as) a

r ef | uxiPWrdde waEm i nopgempemtire snshwined far2 12 Thenythe nmktem wagohed iiteidednm
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ey oGl chbuck it b OO 300 TR P insdf Sl Yoon e Vi KRR OO0

pr od ucmLésﬂChbrﬂ@j(ﬁoo(lﬁL)? Brigg], an8 eﬁﬁ)aorateﬂl TR siine WaDAiESved ninﬁtt{aﬁ’&mdo)mL)?anaS (2H,

m; 3. t Hz H,

7 ao° (T fded 1 H1 0030, 0 sl s s g Arogm ppertigs ot 1 wana )
- (4- f¢‘@9¢wﬂeﬁ$n}%ew[r@nétommuwmnwml ﬁﬂﬂﬂfeﬁ'ﬁﬂﬁﬂe'gbwétlﬁldmﬁ%fdaué as

cataly e o LAREBPAT R copmsoBe {28 i it 4 o sl ot

&lg%%&r(yd? itk (%331 @5} Q»a‘hd t he
r esisl t 6. aglzmmwﬁ yas 62 HE) 42 G, dapan3, gm?rsaltmﬁ, d4,0ar 132 PzpRd st

Si t Et OAc 5:1 th t tl
e aner 2 ap ok Wa g R SR DR W (RS ol 57, Lo g uﬁ%h from
|.-[ (3 (DMIQIdKy P P4;0303;]598; (HO; 90.7; 110.5; 114.8; 115.2; 118.8; 1232315256 126.9; 127.1;

.fl uor Om%n¥539]]436di£y 58095 1k§8ben20f ‘urancarbonitril

jl‘ﬂ

20  (ii) To a solution of 1-[(3-benzyloxy)propyl]-1-(4-fluorophenyt)-1,3-dihydro-5-isobenzofurancarbo-
nitrile (1.2 g, 3.1 mmol) and 1,4-cyclohexadiene (5.5 mL, 58.1 mmol) in ethanol (50 mL) was added
Pd/C (4 g, 5%). The reaction mixture was refluxed under a nitrogen atmosphere for 2 days, then
cooled to room temperature and filtered through Celite. The filtrate was evaporated and the residue
was purified by silica gel chromatography to give the title product asan oil (0.75 g, 80%). '"H NMR

25 (CDCL) 3 1.5 (2H, m); 225 (2H, m); 3.5 (2H, t); 5.2 (2H, dd); 7.05 21, t, J = 10.0 Hz), 741 (3H,
m); 7.49 (1H, br s); 7.56 (2H, J= 7.0 Hz).

(ii) To a solution of I-(4-ﬂuorophenyl)—1-[3-(tetrahydropyranyloxy)pmpy!]-l,3—dihydro—5-
isobenzofurancarbonitrile (1.5 g, 4.1 mmol) in methanol was -added catalytic amount of p-
30 toluenesulfonic acid monohydrate (60 mg) and the resulting mixture was stirred at room temperature

for I h and then evaporated. Silica gel chromatography (heptane, EtOAc 5:1) gave the title produci )
(1.0 g, 91%).'H NMR (CDCl;) was identical with that obtained from 1-[(3- benzyloxy)propyl]- -(4-
fiuorophenyl)-1 3-dﬂ1ydro-5-1sobcnzoﬁ1rancarbommle ' )

35



23 Septenber 2004 WO 01/43525 15 Exanple 4 PCT/DKO /00123 Preparation of
1- (4-fl uorophenyl)-1-[(3 23 September 2004
p- toIuenesulfonyloxy)propyl] 1, 3-di hydr o- 5-i sobenzo- furancarbonitrile: 5

To a sol uwesess
1- (4-f 1 uor ophenyl) - 1- (3- hydr oxypr opyl }s1, 3- di hydr o- 5- i sobeFAF KGO oni t r
i

(

le (2.5 g, 8.4 mol) in toluene (50 rrL) at 0-5 C were added trlethylamne
(2.5 miEx#Bple4nmol ) and a sol ution of p-tol uenesul fonyl chloride (2.6 g,
13.6 nmmol ) in toluene (10 nL). The resulting m xture was stirred at room
tenperature for 3 days, then washed with H2O and saturated aqueous NaHCO3

10 sol URrepamatioh\ofi pg4-fisd 1.11 I d by silica gel
o Chept ane ot DheC A AR AL Hrom el S4Bk PieSaerte pr oduct

chrorrat a‘%;%‘. .p_ept ane, 4:1)

as an 429 . 'HNI\/R(CDCI3)816(2H m: 215 (211, m; 2.45
(3H55) 405(211 t, J 80Hz) 515(2H s); 7.05(111, t, J 8.5 Hz);
7.30-7.42 750 6 (111, d,J= 7.5Hz); 775(211 d, J=
7.5 HZ) 55"&'3?0“ ‘{rpl E‘@ﬂ@ml}-b-ﬁ }ydroxypmpyl)-l 3-dlhydro-5-1$obenzoﬁn~ancarbommle

1- (4- fI(QﬁrgQ&hﬁﬂi{dl) inltolldnd (SPRDPAGSHC ABY LSRR Rshe 1235, WO honct amaa 20

furancar@g %‘l’éﬁ 20 To_a sol ution o Omm"l)aﬂda

f1 (4-1158 mﬁ P IS?%:E; @%%W@%§nmm$}HnEutaydreq15mL;qmem%glg - de
uranca.v iréd ithr6o ;féraﬂn— ver e adde
tri &h 2 %ggtéo L, A1 8 rrr3no a <5 tl{ﬁbcga%q_gaﬂﬁt%msfwos

chl ori 48 E]T& RoFation gthepesayic |entrapH@1!@ﬁed M?lllcaTg&chbﬁswbﬁp}@qh?%ﬁ@A\éﬁs

sti rred fof the esfidu h h ol uene and
washed 1@t h H,© aﬁg%gﬁﬁigﬁ’e gt(rqagé'gﬂﬁs(] %‘M@%ﬁé&r@m wh2d6 t he
organi Hhm)s 293 83H. 6k A ALy 5 BI0i Hz; GEs (zemspmsqm,apng sheptaner aFlgc 3:1)
of "t hesasel, 938 (1%, 1B SORNER, £3-7 5 1)

15 Example5

Preparation of 1—(4-ﬂuorophcnyl)—l-[(3-methanesulfony!oxy)propyl]~l,3-dihydro—5—isobenzo
furancarbonitrile:

20 To a solution of l—(4-ﬂuorophcnyl)—1-(3-hydroxypropy])—1,3-dihydro-5-isobcnzo—
furancarbonitrile (14.4 g, 50.0 mmol) in THF (500 mL) at 0-5 °C were added triethylamine (30 mL,
41.8 mmol) and a solution of methanesulfony!? chloride (11.6 mL, 150 mmol) in THF (20 mL). The
resulting mixture was stirred at room temperature overnight, then added toluene (200 mL) and
washed with H,O and saturated agueous NaHCO; solution. Evaporation of the organic phase
25  followed by silica gel chromatography (heptane, EtOAc 3: 1) of the residue gave the title product as
an oil (12.0 g, 64%). 'H NMR (CDCL) & 1.70 (2H, m); 2.25 (2H, m); 2.90 (3H, s); 4.22 (2H, t,J=
7.0 Hz); 5.14 (1H, d, J= 132 Hz); 5.14 (1, d,J=13.2Hz); 7.01 QH,t,J=9.0 Hz); 741 2H, d; J
=9.0 Hz); 7.45 (1H, d, J= 8.0 Hz); 7.52 (1H, s); 7.61 (1H, br 4, J= 8.0 Hz).

30 Example 6

Prcparatlon of 1-[3-(N.N- dunethy]ammo)propyl]—1-(4—ﬂuor0phenyl) 1,3- d!hydro—S—lsobenzoﬁ:ran-
carbomtnlc (Citalopram, 0xalatc)

35 To a solution of !-(4—ﬂuoropheny1)—1-[(3-p-toluenesulfony]oxy)propyl]-1,3-dihydro—5-isobenzo-



an oil (12.0 g, 64%. 'H NWR (CDC13) 8 1.70 (211, m); 2.25 (2H, m; 2.90
(3H, s); 4.22 (2H, t, J = 7.0 Hz); 5.14 (111, d, J= 13.23fgptemBeri 014 d;
J= 13.2 Hz); 7.01 (211, t, J = 9.0 H); 7.41 (211, d: J 9.0 Hz): 7.45 (1H,
d, J= 8 WQBIy43525 52 (1H s); 7.61 (IH br d, J= 8.0 Hz). NCHRKAHIWE2S

Prepar ation of
N- di et h | am no%)propyl -1 M(f fI uorophenyl ) -1, 3-di hydr o- 5-i sobenzof un
-an- Eﬁ’.‘i’%‘fl ¢0.20(8, DArerppli i DMEA181md) wagBddEd taetigddming Ohd oiL., 7.0 mmol)

I-(4-f ?l%ﬁ!rr) L oride
p- gol tfggggﬁ%onyl gg{/ﬁ)&%py‘?] (0415’ Somlgo% The seaction 19t e was, stisthty 70U 4
0l /435’2’5m®LP®ﬂYMPﬂ/t0@Q@®t¢mmme,rmwhmbh&lH@ 2l Giradled with B0 (8 DM (10
A 1.4 d di met hyl <

Chi or R (9E brint € HRLAPE Seclted ol 1.0, 0 Wi and vty Bhe %&%33%'@,5”‘
ovet nmgnﬁed bheihcagrd chmatograpyn(heptames E&QIAY, eicthybintind]:3:4%) Ma@&mmh b " o

t ar ni,.c .extrac were washed w t
and brcaindde e bt s 0 180G oo Ao e S AP T T Ay
chr gmwwanémmw S HUL (IHrm):t'ztml(muBgEt(oa{z}% szﬁ@gkb OF ¥95 111 %g g g om
acet on Qpen cnanper =
ace! 00es A5t VR R A 7 o B A G, ¢ P a b 2 ooiion, s
J- 8. @dHE¥ 5.02:63 (xm)h734(1}2d,95=(73|ﬂz){‘1793(1H-d,&=07m 7%0_1)51{(1)%52 HNNR 14- 0
dd "J g’%@%; )dg«}?g”’?f‘%ﬂ-(wﬁiz?l Mé 3,71’1?5( 114%1 lji?, dazaf lzssopm H230;

13CNVR31.9; (39105640.0:60489 6 1.8, 1354 33Kmﬁ cﬁxé,?qzo&%?% )33“"% C4%9 3§ Iﬁs%lg\& 6}(%51 &) 3

115. 3 118, 8 25,8 127.
Anal . ¥ E%“BEQ%%’@% %78 & cal ci. c 63 76; H 5.59; N 6.76. Found C .
63.50; M538,41: 6.63. Exanple 7 15 |

Example 7
15

Preparation of 1-[3-(N, N-dimethylamino)propyl]- 1-(4~fiuorophenyl)—1 3-dihydro-5-isobenzo-
fm'ancarbomm]e (Citalopram, Oxalate):

Dimethylamine (18 mL., 100 mmol, 33% in ethanol) was added to a solution of 1-{4-fluorophenyl)-
20 1-[(3-methanesulfonyloxy)propyl}-1,3-dihydro-5-isobenzofurancarbonitrile (1.0 g, 2.7 mmol) in
ethanol (10 mL) and THF (20 mL). The resulting mixture was stirred at room temperature for 1 h
and at 60 °C for 3 h. After cooling, the reaction mixture was evaporated. 1 M NaOH (70 mL) was
added to the residue and extracted with Et;O (100 mL). The organic extract was washed with brine,
dried and evaporated. The residue was filtered through silica gel (EtOAc, heptane, triethylamine
25 75:25:1) and crystallised from acetone as the oxalate salt (0.72 g, 65%).DSC (open chamber), Tone
= 158.56, Tpeax = 161.59. The NMR-spectra were identical with those obtained from citalopram.

oxalate prepared in example 6. Anal. (CyH, N0, C,H,0,) caled. C: 63.76; H: 5.59; N: 6.76. Found
C:6357, H: 5.51: N: 6.77.

30 Example 8

Preparation of 1-(4—ﬂuorophenyl)-1 [3-(phﬂ1a11m1dopropy1)]—l 3—dlhydro-5-130benzofmancarbo-
mtnle

35 A solution of 1-(4-ﬂuorophenyl)—1,3-dihydro—5-ispbenzoﬁ1ranca1bonih'ilc (4.4 g, 20 mmol) in THF
(40 mL) was added to a solution of LDA (24 mmol) in THF (70 mL) at —78 °C under an atmosphere



Preparation of - _
1-[ 3- (NN- di et hyl ami no) propyl ] - 1- (4-fl uor ophenyl ) - 1, 3- di B} Septedmbpslfénzo-
furancarbonitrile, (Ctalopram Oxalate): Dinmethylamne (18 nL, 100 mol,

33% i n et maonal4eszsas added to a solution of 1-(4-fluorophenyl)- '
1-[ (3- et hanesul f onyl oxy) propyl ] - 1, 3- g#hydr o- 5-i sobenzof ur?ﬁ%fanljgogf?f){zr}i |l e
(1.0 g, 2.7 mol) in ethanol (10 m.) and THE (20 nlL). The resulting m xture

was st i ofmitdogat. Afteo stifkiagReI78Q), inl : f, 60 C f . After
cool i ng‘mtOBe rf@lﬁt'&@n rP Xt ur efﬁaﬁqi%’gp%lr“gﬁaﬂgfzﬁ? '&(}Ngraeﬁ?p}%aﬂm e84 2 Zided
to the TESVdle M 42E ML) Fasceidsd epd theomsylting) mitthre Wiscaltuw@d b Cw¥t folfdomVas
washed teinpératorei and stirréll fof 8 hagkn L esi due iltered through
sil'i ca ‘9‘§|§E( (EEJOAQS rﬁe toane, tr ?}éfﬁ%g%gﬂsep%g&féﬁigg%% @gnﬁ‘bﬁgﬂ‘ﬁ"?@d from
acet one" sEFRE 239 B s reatig expets, wes9yshedith HaP (006K A Ene (10GmbHS. 56,
T , 5 Ikbvikd53d AR SHRG ' tical w se obtajned from
ci tal opram ;fgpli‘: te pr ep;ére?aghﬁﬁﬁﬁ@%ﬁ@ﬂ Q{eéén%#éﬁmc %gg Lﬁ%ﬂ‘?\lﬁ{d"mﬂ"m&)
cal ed. ¢ %%?%%?e‘f?w gowder (3.0 g, 36%). Posamble @as felrySallisdd frbm Bliandy; "B NifR 30
Exanmpl| §CBOR) 8namwat 1OR);af 74 < 1. . -
T4 f ) qr ‘;)El‘llgnyl HoR) gf(“&ﬁ?h’é‘?’i 1 80 % KO8 (UH, &b, L= 4.7 13, 2i Hed by OFir anci r
bo- ni t9FF4E é?"ﬂ'f’s'o#"dtlilérﬁzif 4.08 (14, ddd, J = 4.2 and 10.8 and 17.9 Hz); 5.09 (1H, d, J =
ol ) 1 T o G b £ X S B G IR R B PR B LSt 1x e (70
m.) "t 799%%”6%3;@11, tah=atnBDpRe3 CIR3); SSBtEHDPET 28041z XD gy, 43p25 i, :
PCr / DK&X rafs Nt ter NES t -78 Cfor 30 mn, a sofution
of 2-( ?hgggﬁnngépfl€ E%?‘f‘ A (é.-OZﬁa; éi‘ﬂ'fﬁﬁ@?‘sl $123rH31(8269.8 12492 3ad ded
and t hd12-6sUi4% 14881 12N, d20Es12418; apmat tze.ov\agm;tgl_r@qg%tz %@%8‘3‘5%{ &e‘malndcr
stirre r 0. e ur.e 0] | nto:tce ,an
ext rac';i ?de %/éitdqh IE%-'QDP%&SJ] Mg%)"%e%o&%ggpb clsd [Gick2sl Sk d.9%adhe®3wi t h
H O ( 150mdiG: 73:66; Br3.He N 609. nl) -
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Example 9

Preparation of I-(3-Azidopr0pyl}-l-{4—-ﬂuoropheny1)—1,3—dihydr0—5—isobenzoﬁ1rancarboniu'ilc:

20 Sodium azide (5.5 g, 80.5 mmol) was added to a solution of l-(4—ﬂuor0phenyl)—I—[(3-methancsu]fo-
nyloxy)propy!]—l,3-dihydrb-5—isobcnzoﬁuancé‘rbonihile (4.0 g, 10.6 mmol) in DMF (160 mL). The
resulting mixture was stirred at 40 °C for 3 h, and then refluxed for 2 h. After cooling the reaction
mixture was poured into H,O and extracted with Et;O (4 x 200 mL). The organic extracts were

, washed with H,O and brine, dried and evaporated to give the crude product as a brown oil (13 g,

25 45%). '"H NMR (DMSO- dy) § 1.40 (ZH, m); 2.22 (2H, m); 330 QH, t, /=66 Hz); 510 (1H, d, J =

' 13.7Hze); 5.21 (1H, 4,7 = 13.7Hz); 7.18 (?H, t, J= 8.5 Hz); 7.59 (2H, dd, J=5.2 and 8.5 Hz); 7.78
(3H,s+d,J=8.1 Hz).

Preparation of l-(3-Aminopropyl)—i-(4—ﬂuor0phenyl)-1,3—dihydro—5:-isobenzoﬁ1rancarbonitrile:
30
A mixture of 1-(3-azidopropyl)-i-(4~ﬂuor0phenyl)-1,3-dihydro—5-isobenzoﬁmncarbo-nitﬁ]e (13 g,
4.4 mmol) and pallat_dium on carbon (0.6 g, 5%) in ethanol (50 mL) was hydrogenated for 2 h. The
mixttnre was filtered through Celite and evaporated to give the crude product as a brown oil (0.8 g,
66%). 'H NMR (DMSO- de) 8 1.11 (1H, m); 1.22 (14, m); 2.12 (2H, m); 2.48 (2H, t, J = 7.1 Hz);
35 5.5(1H,d,J= 13.7Hz); 5.19 (1H, d, /= 13.7 Hz); 7.15H, t, J= 8.9 Hz); 7.58 (2H,dd, J=52
and 8.5 Hz); 7.72 (1H, d, /= 8.4 Hz); 7.78 (2H, s + d, J = 8.1 Hz). '



5 dried and evaporated. Silica gel chromatography (heptane, EtQAc 5:1) of
the residue gave the product as a yell ow powder (3.0 g,238ember@8®hl e was
recrystallised fromethanol. "R NVR (CDCI3) S 1.69 (1H, nm); 1.74 (1H, in);
1.93 (I-I—FVQﬂI!ﬂSl.SOB (IH, dt, J= 4.7 and 12.2 Hz); 3.85 (1HPCTRK®I/D123]l. 4 and
7.1 and 11.8 Hz); 4.08 (1 H, ddd, J=18.2 and 10.8 and 17.9 Hz); 5.09 (1 H,
d, J= 131Hz)520(IH,dJ:131)660(1HdJ-75Hz)706
(2H tEreppration of 14{§-{N.NeDipgthylrmigo)ropyd]}- (4 Duardphonyile ), 3-dihydid-5-isbberizofugan?- 5 Hz) ;

7.43 (&monﬁglk@,gﬁg )J—8AH2) 7.77 (1H, d, J =7.5 Hz); 7.80 (1H;
t, J= 5.2 5 (11-1.7d, J= 8.0 Hz). '3C NMR (CDC13) 8 23.4; 31.8:
59.3; 72.6; 92 3; 112.6; 114 7; 118.2; 122,9; 123.7; 124.8; 125.2; 129.0;

131. 1; 45 . 6: 1 163.6; 170, 9. -
21, Lisolin SrendiBicd ot BA0nfon 1l adica 250 s BadBReBiog 0 o
C:. 72 .thgrophenyd)-hi-dibygroe: @@m@@n@cmbpmml@ (msfbg,az amnmi) 0fd formaldehyde (0.44

I -(3- d d 5 ob f. b i
L S e Y e R P

(4- f | depRRiareyfoy 3 h,[ then (veas laddrdsmpreosodium cyanoborohydnde ©.17 g, 2.7 mmol) and

| ¢ h b (4. 10. 6_rmol
" gl tde B ALIYE bl SRPSHER 4t RAEPLARRIhR IF U e fijpdae rvz”“gné

t hen raenchedwith 30 andexiagiedwith Et:O i Fiy argeaicrextradts oere driied hitt evapeategosities i nt o

H @ a [ c extracts were  washed
Wt h %@1 &gﬁﬁﬁgﬁg\,&?} B;anﬁ%g% %?‘3% zts-li')]%lfglgg?shéwg?w aﬁlﬂfﬂd uds a

br own ii¢h was Bolgted a5 thegwplate salt ioR 1BIBO(0. 36}, tssmmm 302%). The; NERZ#»eét&H m;
3.30 § Hz 5,21 (1 J = 13.7
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1- (3- Am nopropyl)-1-(4-fl uorophenyl)-1, 3-di hydr o-5- YSObenzof ur ancar bonltrll
e: 30 A mxture of

1- 13- ¥xpemple Bhy| ) - | - (4- f 1 uor ophenyl ) - 1, 3- di hydr o- 5- i sobenzof urancarbo-nitri
le (1.3 g, 4.4 mmol) and pall adiumon carbon (0.6 g, 5% in ethanol (50
m.) was hydrogenated for 2 h. The

) Preparation of 1-(4-flucrophenyl)-1-[3-(N-methylamino)propyl]}-1,3-dihydro-5-isobenzofurancarbo-

nitrile, Oxalate Salt:

20 The compound was prepared from methylamipe (60 mL, 120 mmol, 2 M solution in THF) using the

method described in example 7. Yield: 760 mg, 36%. 'H NMR (DMSO— ds) & 1.40 (1H, m); 1.41

(1H, m); 2.25 (2H, t); 2.47 (34, s); 2.83 (2H, 1,J = 8.0 Hz); 5.15 (1H, d, /= 13.2 Hz); 5.21 (1H,d,J

=13.2 Hz); 7.18 (2H, t, /= 9.0 Hz); 7.59 (2H, dd, J= 5.6 and 7.5 Hz); 7.73 (1H, d, J = 8.1 Hz); 7.81

(3H, d +s,J=8.1 Hz). I
)5 o

Preparation 1-{3-(N,N-Dimethylamino)propyl]-1 ~(4-fluorophenyl)-1,3-dihydro-5-isobenzo-

furancarbontitrile, (Citalopram, Oxalate):

A solution of 1-{3-(N-methyl-ammonium)propyl}-1-(4-fluoropheny})-1 s3-dihydro-5-isebenzofuran-
- 30 carbonitrile (0.70 g, 2.24 mmol) and formaldchyde 05 mL, 6.7 nimo!, 37% aqueous solution) in
98% fo:_'m‘ic acid (5 mL) was refluxed for 4 h. After cooling, 4 M HCI (2 mL) was added and the e
resulting mixture was evaporated. 1 M NaOH (50 mL) was added to the residue and extracted with
Et,O (3 x 100 mL).-The organic extract was washed with brine, dried and evaporated. The oxalate ’
. salt was isolated from acetone (0.22 g, 30%). DSC (open chamber), Tome = 157.73, Tpeak - 160.80.
35 The NMR-spectra were identical with those obtained from citalopram. oxalate prepared in example



m xture was filtered through Celite and evaporated to give the crude
product as a brown oil (0.8 g, 66%. 'H NWR (DIVISO d6) %3 Septemiger 2604 ) ;
1.22 (1H, m; 2.12 (2H, m; 2.48 (2H, t, J =7.1 Ft) 35 5.15 (IH, d, J =
13.7 Hz);WO0R3sH, d, J = 13.7 Hz); 7.15(2H, t, J 8.9 Fﬁhm?co%m(z?"‘ dd
J =52 and 85 Hz); 7.72 (1H, d, J 8.4 Hz); 7. 78 (213, s + d,

Hz). 23 Septenber 2004 . WO 1/43525 18 PCT/ DKO3/ 00123 Preparatlon of

1- [ 3- (1§ Apth (adh-QnCABDp YoHy) Faldd. (46306108 SEIERYE. 50 Foridth- 84340 5s i 8@enzof u
ran- cgmgonitrile, (Ctalopram Oxalate): Sodlunlcyanoborohy rld% % 34 g,
5.4 mol) was added to a m xture of 1-(3-Am nopropyl)- -(4- 5

fl uorophenyl ) -1, 3-di hydr o-5-i sobenzof urancarbonitrile (0.80 g, 2.7 mol)
and fomgghgﬁﬁMde (0.44 ., 5.4 mmol, 37%in H20) in nmethanol (10 niL). The
resulting mxture was stirred at room tenperature for 3 It, then was added
nor & sodiun1cyanoborohydride (0.17 g, 2.7 mol ) and fornaldehyde (0.22 i,

2.7 rat yre the m xture was -
guenched &?ﬁﬁhﬁgeﬁggdﬂgggﬁgi%gﬁaﬁﬁéﬁﬁg q&ﬂ@igﬁ Sieb@ees were dried
and evBp#IcabeRitils; | i ca 10 gel chromatography (EtOAc, heptane, triethylanine
75:25:1) of the residue gave the crude product, which was isolated as the
oxal ate salt fromacetone (0.32 g, 0.8 mmol, 30 %9. The NVMR-spectra were -

i dent i Aagolytiontpft h@s@omhany@enwnhpdm&:mbmﬁﬁmmaﬁ:&n@ “. 4@@@95%@ élg:xarrpl e

2, 2 (B RHRRRed B M od o L8R @ S in IR 0H st 8O under
- (4 f dormptentyiton. e biimg hylmntrr&)mrrﬁiayi bk df o Somis ARG T ur anc

‘("‘g Bom&blﬂ{ny m%gﬁ redhin m?&ﬁéﬁ%&%d O pmdvor dbadd i |
exanpl warfa toYoeh tkmpéfatrériind s6%d for 2 INYR (MR R1urE Qas §‘ou]recfl'91to ice/H10 E?ODmJL),M
and extracted with EO (3 x 300 mL). The organic exiracts were washed with H,O (100 mL) and
15 brine (100 mL), dried and evaporated. Silica gel chromatography (heptane, FtOAc 5:1) of the
residue gave the product as an oil (5.5 g, 86%). '"H NMR (CDCl5) 8 1.52 (1H, m); 1.70 (1H, m); 2.28
(ZH, m); 3. 81 (2H, m); 3.89 (2H, m); 4:85 (1H, t, J = 4.0 Hz); 5.14 (11, d,J = 13. 2 Hz); 5.19 (1K, d,
J=13.2 Hz); 7.04 (2H, t, J = 8.5 Hz); 7.41 (3H, m); 7.49 (1H, s); 7.58 (1H, d,J= 8.0 Hz). ¥C NMR
(CDCly) 5 27.8; 34.4; 64.2; 70.6; 90.1; 103.2; 111.2; 114.5; 1 14.8; 117.9; 122.2; 124.5; 126.1; 126.2;
20. 131.2; 138.7; 139.7; 148.5; 159.0.

Preparation of 1-(4-fluorophenyl)-1-(3 -formylethyl)-1,3-dihydro-5-isobenzofurancarbo-nitrile:

3 A  solution of 1-[3-([1,3]dioxolan-2~yl)ethy])—l-(4—ﬂuor0phcnyl)-1,3—dihydro—5-isobenzoﬁ1ran-
25 carbonitrile (5.30 g, 16 mmol) in 30 % aqueous acetic acid (200 mL) was refluxed for 5 h. The
reaction mixture was cooled and extracted with CHCL, (3 x 400 mL). The organic extracts were
dried and evaporated to give the crude product (5.0 g, contained about 8.0 mmol of the preduct as
judged by NMR and HPLC, 50%), which was used in the next step without further purification. '"H
NMR (CDCl;) 3 1.49 (1H, m); 1.61 (1H, m); 2.38 (1H, m); 2.51 (Iﬁ, m); 5.15 (2H, br s); 7.01 (2H,

30 tJ=80Hz); 741 (3H,dd +s,J=56and 8.0 Hz); 7.51 (2H, d, J= 8.0 Hz); 7.61 (2H, d, J = 8.0
Hz).

| Preparation of 1—[3—(MN—dimcﬁ:ylamino)propyl]-1-(4—ﬂuorophenyl)-1,3—dihydro—5-isobenzo- '
furancarbonitrile, (Citalopram, Oxalate):
35



(1H, m; 2.25 (2H, t); 2.47 (3H, s); 2.83 (2H, t, J= 8.0 Hz); 5.15 ng, d,
J =13.2 Hz); 5.21 (IH, d J =13.2 Hz); 7.18 (2H t, J :fgseptﬂryeﬂﬁ 49 (2H;
dd, J = 5.6 and 7.5 Hz); 7.73 (111, d, J = 8.1 Hz); 7.81 (311, d+s,J=8.1
Hz). 25 BYQWABEHS on 1-[3- (N, N-Di et hyl ani no) propyl]-1 PCT/DK01/00123

- (4-1 1 uorophenyl)-1, 3-di hydro-5-i sobe#f¥o- furancarbonitrile, ‘(G tal opram
Oxal at . A sol E{:ﬁqﬁ?ﬁr@

1-[ 3 ( Ff S Tmy A pmell wes addedistranixiire of Budd Ihadoanethgiphenz of u
ran- BGi—ﬂﬁdrbﬂﬂh 1)-11 3edikyRro/ & is@hen2eRfhn r ( ﬂn{ﬁ;

nunol , 37% a‘l(i]ue%:g %isol)ﬁfl on), in 98%%mc amg’{@h%%? aﬂ&,t % é’(ﬁq'i‘eo 4
h. Aft SPHROYB g HALO) aad wﬁwnm:mnehlon@suum gqgmmuy i was

evapor ade@anol 5d\4nN§ag-b gel'ﬂiq i d ue and, extracted w t-h
Et 20 (3, X 1005 m Thgsgrmg)ﬁféﬁxtragge&as%ﬁ? I ETPEP R ovegpghigdhey

evapor ¥ldsd tolygme ( Ae (Msmlls@lldavaehhdfwﬁrﬂ{@ 6100 meL ) %eeqlgousqm@e DSC

t dent |
i eh ¢ R etBkd wld e ém fo0 py 8 Robined Bioan enhosithen codyl omomst -
Sept enbidipa gdodnmto&maz@m EQAOHDthIhR3 55:25M) adf. thé %Qﬁ&l?gw; @e GRH204,
% HO) c&ﬁ’ﬂoﬁﬂd, uﬁ}l %ﬁqgolatéﬁ fo?m QZet?nlg as(}.hc oxala't:e saﬂclz 9 g%%) DSC (0pe5n c%gmbel\ll'),

6.62. Exanple 11 arati o
1-[ 3- (T@asﬂ 3P SR oTwan= 263% é‘tmm Spectta Whreddenfitut Ryith)thoke Sbiginbd #6:8cRalopakenzo-

flu?gn]? ‘Iﬂ&or oi hlen&ﬁ gl di h&glr c@":‘v’uf"gq BBLPP s8ed &7 63176 B -89 M 64%- Foundg 7
mol ) €1H3.65; H5‘69N680 .



10 THE (40 nL) was added to a solution of LDA (24 mmol) in THE (100 m_) at
-78 C under an atnosphere dfnitrogen. After stirring at 29 §eplepger 0004ni n, a
sol ution %031%’5%2 bronoethyl)-[1, 3]- dioxolane (2.8 nL, 24 mml)al n THE
(20 L) "was aé and the resulting mxture was all owed t o PGRBPKOV@IZIOOM
tenperature and stirred for 2 h Then tHe ni xture was poured into ice/H O
(100n) ¢ ‘%ﬂﬂ extracted with Et20 (3 x 300 nlL). The organic extracts were
washed wit go (100 nL) and 15 brine (100 nlL), dried and ' evapor at ed.
Silica gel chromatography (heptane, EtOAc 5:1) of the residue gave the

product a NVR (CDCI3) S 1.52 (1H, m; 1.70 (1H,
m; 2.28 t a&m%lr%()d ﬁ%ﬂ%fg ?Pfﬁg‘@r‘rffc‘@%@m(‘?ﬂmmg rezct@B a(chiripound of formdlaQryHz ). ;
5.14 (1H, dJ— 13.2 Hz); 5.19 (111'd, J= 13.2 Hz); 704(2H t, J=8.5
Hz); 7.41 (3H, m; 7.49 (1H, s)N'c758(1H d, J=8.0 Hz). '3C NW\R (CDC 3)
8 27.8; 34.4; 64.2; 70.6; 90.1; 8 {.2; 1145; 114.8; 117.9; 122.2;
124.5; 126.1; 126.2; 20. 131.2; @’2 7; 148.5; 159.0. Preparation of
1- (4-fl uorophenyl) - ] (3-fornyl ethy ] di hydro- 5-i sobenzof urancarbo-ni tri

| e: A solution of
| -[3-([1, 3]di oxol an-2-yl )ethyl)-1-(4-fl ugrophenyl)-1, 3-di hydro-5-i sobenzofu
ran- 25 carbonitrile (5.30 g, 16 nmol) i% aqueous acetic acid (200 nlL)
was retluxed for 5 h. The reaction m xture.ywis cool ed and extracted with
CH2G 2 (3 x 400 nL). The organic extracts ware @dried and evaporated to

gi ve the crude product (5.Q g, contained about 8.0 mmol of the product as

j udged by NMR aﬂd HPLC 50%, which was used in the next step w thout
furthermmliu;(j‘nal d}%ﬁ ChC3) 8 1.49 (1H, m; 1.61 (111, m; 2.38
,(1H m; 2.5 Iff n) { (2H, br s); 7701 (211, 30t, J =8.0 Hz);
7.41 (3H, dd + s J =56 and 8.0 Hz); 7.51 (211, .d, J = 8.0 Hz); 7.61

(211, d, J = 8.0 Hz). Preparatlon/({f/(;; N
I -[3- (N, N-di met hyl am no) propyl ] -2~ (4-¥T uor ophenyl ) -1, 3-di hydr o- 5-i sobenzo-
furancarbonitrile, (Ctalopram Oxalate): 3§,23 Septenber 2004 WO 01/43525

wherein X is a suitable leaving group and R is -CH»-O-Pg, -CH,-NPg,Pg,, -CH,-NMePg,
10 -CO-N(CHj),, -CH(OR'YOR), -C(OR*)}OR®Y(OR®), -COOR?, -CH,-CO-NH,, -CH=CHR’ or -CO-

NHR?, wherein Pg is a protection group for an alcohol group, Pg; and Pg, are protection groups for

. 1 2
an amino group, R'and R? are independently selected from alkyl, alkenyl, alkynyl and optionally
alkyl substituted aryl or aralky! groups or R and R? together form a chain of 2 to 4 carbon atoms,

3 4 5 6
each of R°, R%, R’>, R°and R7 are independently selected from alkyl, atkenyl, alkynyl and optionally

15 alkyl substituted aryl or aralkyl and R® is hydrogen or methyl;

o8
S

F

to form a compound of the formula

NC

(1))

wherein R is as deﬁned above; followed by conversion of the group R to form a

20 dimethylaminomethyl group and isolation of citalopram base or a pharmaceutically acceptable salt
thereof.



PCT/ DKOL/ 00123 20 Sodi um cyanoborohydride (0.76 g, 14.4 nmmol) was added to
a mxture of crude |-(3-fornylethyl)-.1- 23 September 2004

(4-f1 uorgphen | )-1, 3-di hydr o- 5-i sohenzof urancarbonitrile (5.0 g, contained
about 8. Qﬁﬁfg the conpound as judged by NVR and HPLC)PCGHARKO01/00123

di met hyl anrnoni um chloride (1.17 g, 22.4 nmol) in et hanol (50. n) at 0-5
C. The requh_]é“3 m xture was stirred at roomtenperature overnight, then 5
added %ol ue ‘Eﬁ?PE?fdﬁlH&’ deigpl-whereip theicpmpaindved Siradla)tisireltté k08 nL). The

aqueomr@baﬁﬁoffwrﬁﬂ RdhelefcR W.€11,-BL %,QTQm %gbl ned organic
extrac‘I ﬁgte dri (ﬂzgal)d eva or at eréﬁggffll ca Hﬁa\r&orr%?grg? f?tane

Et OAc,'°FP ‘3’2150 e fgrmuylhe resi due gave the title corrpound '

whi ch was |soI ated form acetone as the oxalate salt (2.7 g, 82% . DSC (open
chanber), = 159.55, T = 16%:% heNVR-spectra were identical with

t hose obt ai ned from cital opram §| at\g prepared in exanple 6. Anal.
(C28H21N20O, C, H204) calcd. C 63 /5.59; N _6.76. Found C. 63.65;
5:69; N 6.80. 23 Septenber 2004 W 75 ReTDKO /1 00123 21 CLAIMS 1. A
nmet hod for the preparation of cital opr rrprl sing reaction a conmpound of
[ Q& formula (1) wherein Xis a
suitable leaving group and Ris -CHZ- -CH, - NPg, Pg,, -CH, - NMePgx, 10
-CO-N(CH3) 2, -CH(OR XOR), C(CR4)(CRS)(),{N;COCRS, -CH -CO NH,, -CH=CHR7
or -CO NHRB, wherein Pg is a protection group for an al cohol group, Pg,
and Pg, are protection groups for

5 and thcrcaﬁemonvcrsmn of the alcohol group to a feasible leaving group and reaction of the
resulting compound .

a) with dimethylamin or a metal salt thereof to form citalopram,
b) with methylamin followed by reductive amination to form citalopram, or
¢) with an azide followed by reduction to form the corresponding amino compound and thereafter

10 methylation or reductive amination to form citalopram.
3. The method according to claim 1 wherein the compound of formula (I) is reacted with a
compound of formula (IT) wherein R is -CO-N(CH;)Z followed by reduction of the resulting
compound of the formula

15

to form citalopram.

4. - The method according to claim 1 wherein the compound of formula | (I) 1s reacted vﬁth a

20  compound of formula (1) wherein R is -CH,-N(Pg1)(Pg2) followed by removal of the protectxon
groups to forma compound of formula



an amno group, R and R2 are independently selected from al kyl, al kenyl,
al kynyl and optionally alkyl substituted aryl or aral ky33 3gréember@f0R and
R2 together forma chain of 2 to 4 carbon atoms, each of R3, R R5 R6 and
R7 are i nW&HHMd&4t |y selected fromal kyl, al kenyl , al kynyl P@’iﬁ)lﬂfi ally
15 al kyl substituted aryl or aral kyl 2hd RS i s hydrogen or hyl;" to form
a conpound of the fornmula NC wherein Ris as defined above; followed by
conversion of the group Rto forma 20 dinethyl am nonet hyl group and.

i sol ation of cital oprambase or a pharnaceutically acceptable salt thereof
23 Septenber 2004 WO 01/ 4 2 PCT/DKO /00123 2. The nmethod according to
claiml| wherein the conpoung ornula (lI) is reacted with a conpound of
Pg/foll owed by renoval of the protectkon

t hereafter--conversion of the al cohl group to a feasible |eaving group and
" reaction of the resulting conpound with dinmethylamn or a netal salt
thereof to formcitalopram b) w pt hyl ami n fol |l owed by reductive
amnation-to formcitalopram -or ith an azide followed by reduction to
formthe correspondi ng am no conpoundiand ther%fter 10 net hyl ation or
reductive amnation to formC|taI opram 3. The nethod according to claim!l

wher ei Qn&dﬂgreg%gpéaug%&g r mul a‘i‘é%@%&éﬁre?rd ed with a conpound of fornula

(1) wherein th ¢ apfne gioup taoforrh bitale@sd) ti ng
conmpound of the formla
5 5.

| The I_riethod accordmg to claim 1 wherein a compound of formula (1) is reacted with a
A. ) compound of formula {1 wherein R is -CH(OR!)(OR?) or -C(OR*) (ORS )OR®)
of the formula (VIla) or (VIIb)

to forma compound

F (Vi)

{(VIIb)
wherein R’, R?, R* R®and R®

are as defined above, followed by deprotection of the compound of
- 10 formuta

(VHa) or (VIIb) and consecutive reductive amination of the resulting aldehyde to form
- citalopram.

6. The method according to claim 1 wherein a compound of formula (1) is reacted with a

compound of formula (IT) wherein R is -COOR? to form a compound of the formula



15 HC Mto formcitaloprarn. 4. . The nmethod according to claim1l wherein
the conpound of formula (1) is reacted with a 20 conpoufédSentembeni®Pd (11) -
wherein Ris -CH2-N(Pgl)(Pg2) followed by renoval of the protection groups
to form¥Of%¥B8nd of fornula 23 Septenber 2004 . WO 01/ 436IPDRM/00123

PCT/ DKO1/ 00123 NH2 (VI) and thereaft24 reductive anmination or nethylation
of the free amno group to formcitalopram 5 5. Tie nmethod according to
claiml1l wherein a conmpougd of fornula (T) is reacted with a conpound of

formula (11) wherein Ris = R) or -C(OCRA)(OR)(OR6) to forma
compound of the formnula (V] (VI‘1 ) NC NC (M 1b) wherein Rl, R2, R4, RS
and R6 are as defi ned above, ed by deprotection of the conpound of

10 formula (M la) or (VIII,) and consecut've fRAductive ani'nation of the

The net hod according to claim
*acted with a conmpound of formula

pound of the fornul a:
(v

wherein a conpound of formula (I)
(') wherein Ris -COORS to form a=eg

F

which is converted to an amide of formula (V) followed by reduction to form citalopram, or the
compound of formula (VIII) is reduced to form the corresponding alcohol of formula (TV)

followed by conversion of the glcohol group to feasible leaving group and consecutively
reaction = -~ '

e

5 a) with dimethylamin or a metal salt thereof to form citalopram,

i
Mt

" b) ‘With mietliylamin followed by reductive amination to form citalopram, or

¢)  withan azide followed by reduction to form the corresponding amino ;ompound and thereafter

methylation or reductive amination to form citalopram.

10 7. The method according to claim 1 wherein a compound of formula (I) is reacted with a'
compound of formutla (II) wherein R is —CH,-CONH, to form a compound of formula

NH

(X)

* which is treated with hypohalide to form a compound of formuta

NH,

15




23 Septenber 2004 WO 01/43525 24 PCT/DKO /00123 which is converted to an
am de of formula (V) followed by reduction to form cital 6pCgpemger 2004 -
conpound of formula (VIII) is reduced to formthe correspondi ng al cohol of
formul a (YK} 2Powed by conversion of the al cohol group t ®CTAMILNOES

| eavi ng group and consecutively reac#ion 5 a) with dinethylanin or -a netal
salt t eof .to formciftalgpramy b) willl nethylamn followed by reductive
am nat it}‘gl?lo“feg by B}CFHY@F‘P%P{)‘S? gP‘?ﬁm’B? EOYP 0 reducive amingkionfto fdronudtalopian educt i on to
formthe correspondi ng am no conpound and thereafter nethylation or

reduct i8ve am, nat ,.on to ,ormﬁ‘c}ltal gpram 10 7. The nethod according to claim
| wher €i n a “COMSBTAA°GFaMESP Fi3tm  Whprejng qompemmdpfforhulal) soepedndthel f or mul a
(H wheompanRof Hrm@HTGENKbin Res £CH-L0mR T0 TG | a, NC which is -
tregted with hypohalide to forma conpaund of Fg’%urr%f%%“ﬁl—iz i 15 M 23
Septenmber 2004 . WD 01143525 PCT/ DKO1/00123 25 followed by nethyl ati on of

the free am no group or reductive amnation to formcital opram
NC

F Xn

10 . followed by reductive amination to form citalopram.

9. The method according to claim 1 wherein the compound of formula (I) is reacted with a

compound of formula (IT) wherein R is -CH,-Me(Pg,) followed by removal of the protection group
fo form a compound of formula .

i5 o




8. The nmethod according to claim|l wherein a conpound of formula (I) is
reacted with a conpound of fornula (I1) wherein Ris -CH=CHR7 to forma
conmpound of forrmula S NC wherein R7 is as defined above, which is oxidised
‘to forma conpound of formula Nc 10 . fol | owed by r educt i 2&Sepiembari280d t o
formcitalopram 9. The method according to claiml| wherein the conpound of
formula-(1) is reacted with a conpound of forrmula (H) wherein Ris
-CH2- Me(Pgr) followed by renpval of the protection group to forma
conpoundwaferfaszsul a . NC 15 23 Sept ember 2004 WO 01/ 43525 pREeAHLdfighi430123
26 and thereafter-nethylation of thegn no group or-reductive amnation.to
formcitalopram 10. The method according to claim| wherein the corrpound
of foﬁn@ﬂmeeﬁqrm@hﬁmbéﬁemhbgﬁ, eﬂmmglmgﬁ,a{l&{(glg% %i()yl%{gerel nNRis
-CO NHR& wherein Rg is hydrogen or nethyl, followe uction of the -
resul ting conpound of the formila wherein R$ is as deflned above, to forma

conmpodfd o%mMa@WnﬁMlﬁﬁmﬁ%ﬂ%ﬁ@&f&%@(ﬂ 1(5?4#8}?@%,13 thod"

t hyl t al
ccor G npRaSE i i YAk 5o Wk i st osemrowillbwedin a ( 1)

wi toh  geduetinned thedesdting compduad 6f thy fonmuigar ri ed out in presence of a base
selected fromLDA (.lithiundiisopropylamne), L MDS (hexanethyl disilasan
lithium, NaH, NaUVDS 15 (hexanet hyl disil asan sodi um and nmet al al koxi des
such as NaOwe, KOMwe, LiQVe, NaQtertBu,

F anm

wherein R® is as defined above, to form a combound of formula

10 wherein R® is as defined above, followed by methylation or reductive amination to form citaldpm:h.

11.  The method accordmg to claim 1 wherein the reaction of the compound of formula ([) w:th a
compound of formula (II} is carried out in presence of a base selected from LDA
: (lltlumndnsopropylamme) LiHMDS (hexamethyldisilasan lithium), NaH;, NaHMDS

15 (hcxameﬂlyldlsnlasan sodium) and metalalkoxldcs such as NaOMe, KOMe, LiOMe, NaOferiBuy,
KOtertBu a:nd LiOtertBu.

12. '. An intcmlediate having the general formula



"KQtertBu.and LiGertBu_ _I2. An internedi ate having the general formula 23
 Sept ember 2004 WD 01/ 43525 27 PCT/ DKol/ 00123 wherein R i 3Repigmbey£00g- Pg,
-CHz NPglPg2, -CH-NMePgl, -CO-N(CH3),, -CHOR)(OWN, - C(OR)(OR5)(OR6),

- COCK, - CHzZ- CO- NH2, -CH:C} ? or -CO-NHR8, wherein Pg is a protection group
" for an al apbeiaggioup, Pgl and Pg2 are protection groups for_an am no group,
R and R2 are 5 independently sel ect eck.,from al kyl, al kenyl P%‘f’?ﬁﬂwo Zhd
optionally al kyl substituted aryl or aral kyl groups or R=d R2 togetherTorm
a chain of 2 to 4 carbon atons, each of R3, R, W R6 and R are

i ndependently sel ected from ar 2 al kynyl and optionally alkyl
substituted aryl or aral kyl and ydr ogen or nethyl, and acid '
addition salts_ thereof 10 i 13.
acid addition salts thereof. 15 14. mgdi at e having the formula®23
Sept enber 2004 WO 01/43525 _ PCT/ DKO1/£ 3 28 and acid addition salts
thereof, except the L-tartrate salt. 1 i nt er medi at e- havi ng t he,
formula (XO and acid addition salts thg

()
F
wherein Ris R is -CH,-0-Pg, -CH,-NPg;sz , -CHz-NMePg,, “CO-N(CHs),, -CH(OR)(OR), -
4 5
C(OR*)(OR*)(ORS), -COOR’, ~CH,-CO-NH,, -CH=CHR or -CO-NHR® , wherein Pg is a protection
Eroup for analcohol group, Pg, and Pg, are protection groups for an amino group, R'and R? ar
5 mdepcndenﬂ‘y selected fiom alkyl, alkenyl, alkynyl and optionally alkyl substituted aryl or aralkyl
groups or R' and R? together form a chain of 2 to 4 carbon atoms, each of R, R*, R®, R® and R are

independently selected from alkyl, alkenyl, alkynyl and optionally alkyl substituted aryl or aralkyl
and R%is hydrogen ormcﬂtyl and acid addition salts thereof.

10 13. An'intermediate having the formula

and acid addition salts thereof.

15
14, Anintermediate having the formula



10" 16, An internediate having the forrmula and acid addition salts thereof
, except the hydrochloride salt.

23 Septe__mber 2004

WO 01743525 ' . PCT/DK01/00123
’ ' 28 '

F (Vi)

and acid addition salts ﬁxe'reof; » €Xcept the L-tartrate salt.

15.  Anintermediate having the, formula

xn
and acid addition salts thereof.
100 16. An intermediate having the formula
. St -
N
oan

and acid addition salts thereof , except the hydrochloride salt



